Pharmacological treatments for depression have insufficient efficacy in 30-40% of patients and fail to reverse cognitive deficits. Erythropoietin (EPO) has neurotrophic actions and aids neurocognitive function. The aim of this exploratory study was to determine whether recombinant human EPO improves mood and memory in treatment-resistant depression. Forty treatment-resistant depressed unipolar patients with Hamilton Depression Rating Scale-17 (HDRS-17) score X17 were randomized to eight weekly EPO (Eprex; 40 000 IU) or saline infusions in a double-blind, placebo-controlled, parallel-group design. Patients were assessed at baseline and at weeks 5, 9, and 14. Primary outcome was reduction in HDRS-17 score. Global assessment of function (GAF) was reported in addition. Secondary outcome was remission rate, and tertiary outcomes were changes in Rey Auditory Verbal Learning Test (RAVLT), Beck Depression Inventory-21 (BDI-21), and World Health Organization Quality of life-BREF (WHOQOL-BREF). Exploratory outcomes were depression and cognition composite scores. HDRS-17, GAF, and remission rates showed no effects of EPO over saline at week 9 (P-value X0.09). However, EPO improved BDI (P ¼ 0.02) and WHOQOL-BREF (P ¼ 0.01), and this was maintained at follow-up week 14 (P-values p0.04). EPO enhanced verbal recall (P ¼ 0.02) and recognition (P ¼ 0.03), which was sustained at follow-up (P-values p0.04). Exploratory analysis in patients fulfilling depression severity criteria at trial start revealed ameliorated vs saline groups (N ¼ 17), which was sustained at week 14 (P-values p0.05). Exploratory analysis in the complete cohort showed that EPO reduced depression composite at weeks 9 and 14 (P-values ¼ 0.02). The findings of this exploratory study highlight EPO as an interesting compound for treatment-resistant depression, which deserves further investigation.
INTRODUCTION
Depression is a common, life-disrupting, and highly recurrent disorder and among the leading causes of disability worldwide (Moussavi et al, 2007) . Current antidepressant drug strategies have insufficient efficacy in 30-40% of patients (Rush et al, 2006) and fail to reverse cognitive dysfunction (Hasselbalch et al, 2011) . These shortcomings lead to impaired social and occupational function, poor physical health, and significant suicide rates. Progress is thus urgently needed to address treatmentresistant depression and attenuate cognitive deficits. Evidence that restoration of synaptic plasticity may be an important mechanism of chronic antidepressant treatment highlights compounds that directly increase cellular resilience and plasticity as novel faster acting treatments (Manji et al, 2003) . New drug targets that indirectly affect neuroplasticity through modulation of glutamatergic and cholinergic systems (Furey and Drevets, 2006; Zarate et al, 2006) appear to have rapid antidepressant efficacy in treatment-resistant depression. However, their clinical potential is limited by neurotoxic actions with prolonged exposure and deleterious effects on memory function (Curran and Morgan, 2000; Danysz et al, 1988) . There are hence no current or investigational drugs that address the clinical need for improvement of both depressive symptoms and cognitive function.
Erythropoietin (EPO) is well known for its effects on red blood cells but is also produced in the brain (Marti et al, 1996) where it has a key role in neuroprotection and development (Siren et al, 2009) , and in cognitive function (Kästner et al, 2012; Sargin et al, 2010) . Systemically administered EPO crosses the blood-brain barrier (Brines et al, 2000) and exerts neuroprotective and neurotrophic effects in neuropsychiatric conditions (Siren et al, 2009 ).
These neuroadaptive actions are accompanied by enhanced cognitive function in rodent models of acute and chronic neural injury, neurodegenerative conditions, and in healthy rodents, independent of changes in the erythroid cell line (Siren et al, 2009; Sargin et al, 2010) . Translational studies have shown beneficial effects of long-term EPO treatment on cognition in neuropsychiatric patients with cognitive decline (Ehrenreich et al, 2007a, b) . Various neurobiological mechanisms mediate these actions, including activation of antiapoptotic, antioxidant, and anti-inflammatory signaling in neurons, glial, and cerebrovascular endothelial cells, promotion of dendritic sprouting and upregulation of hippocampal brain-derived neurotrophic factor, and neurogenesis (Brines et al, 2000; Ehrenreich et al, 2007a, b; Sargin et al, 2010) .
We have previously demonstrated that a single high dose of EPO improves neurocognitive function in healthy and depressed individuals in the absence of changes in red cell mass (Miskowiak et al, 2012) . In particular, EPO enhanced memory-relevant hippocampal response, improved executive function and had a remarkably similar profile of effects to serotonergic antidepressants on the processing of emotional information (Miskowiak et al, 2007a (Miskowiak et al, , b, 2008 . Consistent with this, recent preclinical studies revealed antidepressant-like effects and memory improvement with EPO treatment, which were mediated by enhanced hippocampal plasticity and long-term potentiation (Adamcio et al, 2008; Girgenti et al, 2009; Leconte et al, 2011) . This converging evidence highlights EPO as a candidate therapeutic agent in depression. The present exploratory study therefore aimed to explore whether the early neurocognitive and antidepressant-like effects of single EPO administration translate into improved mood and memory with repeated administration to patients with treatment-resistant depression.
PATIENTS AND METHODS

Study Design and Participants
The trial design has been published in full (Miskowiak et al, 2010) . The study had a double-blind, placebo-controlled, parallel-group design. We recruited patients through Clinic for Affective Disorders, Department of Psychiatry, Copenhagen University Hospital, Rigshospitalet and by advisement on relevant websites. Patients were screened with Schedules for Clinical Assessment in Neuropsychiatry (SCAN).
Eligible patients had a diagnosis of major depression of moderate severity (Hamilton Depression Rating Scale-17 (HDRS-17) score 417), were aged 18-65 years, and fulfilled the criteria for treatment resistance based on assessment of their medical treatment history with the Treatment Response to Antidepressants Questionnaire (TRAQ) (Posternak et al, 2004) . For each antidepressant trial, the duration, dosages, compliance, and outcome were recorded. Adequate antidepressant trial was defined in accordance with the Antidepressant Treatment History Form (ATHF) by Sackeim (2001) as treatment with an antidepressant drug for 44 weeks in a sufficient dosage (corresponding to a score of 3 or above in the ATHF) and with 485% compliance (corresponding to a score of 4 in the TRAQ). Treatment resistance was established, when remission was not obtained after minimum two adequate antidepressant treatments with two different classes of antidepressant drugs in previous and/ or current mood episodes (which in the present cohort had a mean duration of 4.6 years (95% CI: 2.5-6.7 years).
In these patients who had failed adequate treatments with at least two classes of antidepressants, there is no evidence for efficacy of a third type of antidepressant treatment (Rush et al, 2006) . Nevertheless, it was an inclusion criterion that patients had made no changes in their antidepressant medication for at least 2 weeks before trial initiation to minimize the risk of potential confounding effects of antidepressant treatment on mood symptoms during the trial. Exclusion criteria were significant medical conditions (diabetes, renal failure, epilepsy, hypertension, present or past malignancies, and thromboses), smoking, BMI 430 kg/m 2 , body weight o45 or 495 kg, bipolar disorder, schizophrenia, alcohol or substance misuse, acute suicidal risk, pregnancy or breast feeding, contraceptive medication or a first-degree family history of thromboembolic events, or seizure disorders. Benzodiazepines were tapered to a maximum of 22.5 mg oxazepam (or equivalent). Pregnancy tests were performed on female patients in their fertile age before and every second week during the study. Blood screening and physical examinations were undertaken at baseline and weekly during the treatment period, and at three follow-up visits to ensure patient safety. Written informed consent was obtained from all patients before their inclusion and letters were sent to their general practitioners to rule out history of significant medical conditions. The procedures were in accordance with the ethical standards of the Danish Research Ethics Committee for the Capital Region, and the study was approved by the committee (H-C-2008-092), Danish Medicines Agency (2612-4020), and Danish Data Agency (2008-41-2711 ) (the trial is registered in clinicaltrials.gov identifier: NCT00916552.
Using nQuery Advisor 5.0 software, we calculated that a sample size of 40 would reach 86% power to detect a clinically relevant difference (of three points) in the primary outcome measure (HDRS-17 scores) between the two treatment groups at an a level of 5% (two-sided test) (Miskowiak et al, 2010) .
Randomization and Masking
Block randomization was performed by Pharma Consulting Group (pharmaconsultinggroup.com) with stratification for age (o or X35 years) and gender. Patients, study nurses, and outcome assessors were blinded to group assignment and blinding was maintained throughout the study, data management, outcome assessment, and data analysis. The randomization list was kept in a locked filing cabinet to which only the person preparing the study medication had a key. Preparation of study medication was performed to ensure double-blinding at the time of infusion: 1 ml recombinant human EPO (Eprex; 40 000 IU; Janssen-Cilag) or saline (NaCl 0.9%) kept at a temperature of 5-8 1C was injected into a standard 100 ml saline (NaCl 0.9%) infusion bag, which was then given to the study nurse or physician administering the medication. Double-blinding was further ensured by EPO, a colorless liquid indistinguishable from saline. Weekly monitoring of blood tests and any side effects was performed by a physician not involved in outcome measure assessments. The good clinical practice unit at Copenhagen University Hospital (http: //www. gcp-enhed.dk/kbh/) monitored that blinding was maintained throughout the study and filed no report on any breach of blinding.
Procedures
Patients were randomized after the screening session and started the trial 2 weeks later for logistic reasons. They then received weekly infusions of either EPO (40 000 IU) or saline for 8 weeks (weeks 1-8) in addition to their current antidepressant medication. This high dose and treatment schedule were chosen because several studies have shown that weekly administration of EPO in similar doses to other patient groups is effective for cognitive enhancement (Ehrenreich et al, 2007a, b) and a single high dose to healthy volunteers enhances memory-dependent hippocampus response after 1 week (Miskowiak et al, 2007b) but not at an earlier time point after administration (Miskowiak et al, 2007c) . Depressive symptoms, psychosocial function, and quality of life (QOL) were assessed at week 1 (baseline) and weeks 5, 9, and 14 (±3 days). Verbal memory was investigated at weeks 1, 9, and 14 using three alternate versions of the Rey Auditory Verbal Learning Test (RAVLT) (original list AB, GeAB, and Cr-AB, respectively) administered in a counter-balanced order within each stratum.
The primary outcome was change in HDRS-17 from baseline to week 9. Global assessment of function (GAF) was reported in addition to the primary outcome according to a predetermined dissemination strategy. The secondary outcome measure was remission rate (HDRS-17 score o8) and tertiary outcome measures were Beck Depression Inventory-21 (BDI-21), World Health Organization QOL BREF (WHOQOL-BREF), and RAVLT (total recall across the five learning trials (I-V), recall following interference (trial VI), recall following a 30 min delay and recognition).
Statistical Analysis
Comparative analyses between the groups were intentionto-treat (ITT) using last observation carried forward for missing values (primary strategy) as well as per protocol (PP) analyses (not reported). Data were analyzed with repeated-measures analysis of covariance (ANCOVA) with adjustment for stratification variables to minimize effects of any baseline imbalances. For exploratory analysis, we z-transformed and created a mean composite of depression-relevant measures (HDRS-17, GAF, BDI-21, and WHOQOL-BREF) to get a measure of overall depressive syndrome severity. Verbal memory performance was adjusted for HDRS-17 score at week 9 in addition to the stratification variables because of well-documented impact of mood on cognitive function. An exploratory verbal memory composite score was calculated by z-transformation and summation of the four RAVLT subtests. We report differences in means, 95% CIs, P-values, and effect size as reflected by partial Z 2 ). The Statistical Package for the Social Sciences was used for the statistical analyses (SPSS, version 19 for IBM).
RESULTS
Patient Flow and Characteristics
We randomized the first patient in September 2009 and completed the last patient visit in October 2012 ( Figure 1 and Table 1 ). A total of 98 patients were assessed, of which 58 were excluded. Of the 40 randomized patients, one (EPO) withdrew on the inclusion day (baseline); data were hence collected and analyzed for 39 patients (EPO, N ¼ 18; saline, N ¼ 21), of whom 34 completed PP (EPO, N ¼ 14; saline, N ¼ 20). Eight patients displayed marked improvement in the 2 weeks between screening and trial start (baseline) (HDRS-17: mean reduction (SD): 5 (2)) and no longer fulfilled depression severity criteria at this time. These patients were nevertheless included and were equally distributed between the two groups. Of the five patients who did not complete PP, three patients (EPO) discontinued medication after 5-6 infusions because of increased thrombocytes (44 Â 10 9 /l) but completed all assessments and two patients (one EPO, one placebo) were admitted to the hospital because of acute suicide risk. Groups were well matched in terms of age, gender, and baseline characteristics (P-values 40.12). All patients continued their medication as usual (Table 1) .
Primary Outcomes
Results for HDRS-17 and GAF are presented in Table 2 . HDRS-17 revealed no effect of EPO over saline at week 9 (mean reduction (95% CI): EPO, 5.3 (2.0-8.6); saline, 3.5 (1.6-5.5); P ¼ 0.32) or 14 (mean reduction (95% CI): EPO, 5.7 (2.7-8.3); saline, 5.2 (2.8-7.6); P ¼ 0.63). GAF showed a trend toward enhanced psychosocial function in EPO-vs saline-treated patients at week 9 (mean increase (95% CI): EPO, 5.1 (1.8-8.3); saline, 1.8 ( À 0.9 to 4.6); P ¼ 0.09), which disappeared at follow-up (mean increase (95% CI): EPO, 4.3 (1.0-7.6); saline: 4.0 (0.0-8.1); P ¼ 0.20).
Secondary and Tertiary Outcomes
Remission rates did not differ between groups at weeks 9 (EPO: N ¼ 4; saline: N ¼ 2; Fisher's exact test: P ¼ 0.39) or 14 (EPO: N ¼ 2; saline: N ¼ 4; Fisher's exact test: P ¼ 0.67). However, EPO improved BDI-21 (mean reduction (95% CI): EPO, 9.6 (3.9-15.3); saline, 1.9 ( À 1.9 to 5.7); P ¼ 0.02; partial Z 2 ¼ 0.14), an effect that was maintained at week 14 (mean reduction (95% CI): EPO, 7.4 (2.4-12.5); saline, 4.5 (1.3-7.7); P ¼ 0.04; Z 2 ¼ 0.07). EPO also improved WHOQOL-BREF (mean increase (95% CI): EPO, 27.5 (11.2-43.8); saline, À 1.2 ( À 12.8 to 10.4); P ¼ 0.01; Z 2 ¼ 0.19), and this was maintained at follow-up (mean increase (95% CI): EPO, 28.2 (11.9-44.4); saline, 0.1 ( À 11.1 to 11.3); P ¼ 0.01; partial Z 2 ¼ 0.12).
Results for verbal memory are presented in Table 3 . EPO enhanced total recall across the five learning trials compared with saline (mean increase (95% CI): EPO, 6.2 (3.2-9.2); saline: 1.9 ( À 0.5 to 4.2); P ¼ 0.02; partial Z 2 ¼ 0.16), and this effect was maintained at follow-up (mean increase (95% CI): EPO, 7.6 (2.9-12.3); saline: 1.2 ( À 1.8 to 4.1); P ¼ 0.03; partial Z 2 ¼ 0.11). EPO also improved recognition memory (mean increase (95% CI): EPO, 1.7 (0.5-2.9); saline, À 0.1 ( À 1.0 to 0.8); P ¼ 0.03; partial Z 2 ¼ 0.15), which was maintained at week 14 (mean increase (95% CI): EPO, 1.0 ( À 0.4 to 2.4); saline, À 0.7 ( À 1.6 to 0.3); P ¼ 0.04; partial Z 2 ¼ 0.10). There was a trend toward improvement of recall following interference and delayed recall in EPO vs saline groups (mean increase (95% CI)-immediate recall: EPO, 1.5 (0.2-2.7); saline: À 0.1 ( À 1.3 to 1.2); P ¼ 0.11; delayed recall: EPO, 1.3 ( À 0.3 to 2.9); saline: À 0.5( À 1.5 to 0.6), P ¼ 0.08), which disappeared at follow-up (P-values 40.16).
Exploratory Analyses
Because of the unexpected mood improvement in eight patients before trial start (at which point they therefore no longer fulfilled the depression severity criteria), we decided to perform an exploratory subgroup analysis excluding these individuals (see the lower part of Table 2 ). This revealed a beneficial effect of EPO (N ¼ 17) over saline (N ¼ 14) on the primary outcome, HDRS-17 (mean reduction (95% CI): EPO, 7.1 (3.9-10.2); saline, 2.8 (0.5-5.0); P ¼ 0.02; partial Z 2 ¼ 0.18), which was sustained at week 14 (mean reduction (95% CI): EPO, 7.1 (4.1-10.2); saline, 4.7 (1.7-7.7), P ¼ 0.05; partial Z 2 ¼ 0.09). In this subgroup, EPO also improved GAF (mean increase (95% CI): EPO, 6.1 (2.5-9.8); saline, 1.1 ( À 1.7 to 3.8); P ¼ 0.02; partial Z 2 ¼ 0.19) and (as in the whole cohort) BDI-21 and QOL (see Table 2 ), and these effects were maintained at week 14 (P-values o0.05).
Despite the negative primary outcome, the positive signal in the additional depression-relevant measures let us to perform a post hoc exploratory analysis of an overall score of 'depressive syndrome severity', integrating the four depression-relevant outcomes. This revealed improvement in EPO-(N ¼ 18) vs saline-treated patients (N ¼ 21). This result was obtained both by using the depressive syndrome severity score (mean reduction (95% CI): EPO, 1.2 ( À 0.6 to 3.0); saline, À 1.1 ( À 1.9 to À 0.2); P ¼ 0.02; partial Z 2 ¼ 0.15; weeks 1-14: EPO, 0.7 ( À 0.8 to 2.2); saline, À 0.6 ( À 1.7 to 0.5); P ¼ 0.02; partial Z 2 ¼ 0.09) (see Table 2 ) and by calculating percent reduction in depressive syndrome severity based on individual baseline levels (see Figure 2a) .
Because of the effects of EPO on total recall and recognition and strong trend thereof on recall following interference and delayed recall, we integrated these four RAVLT measures into one 'verbal memory' composite score. Exploratory analysis of this score showed highly significant longterm effects of EPO over saline. This result was obtained both by using the composite score (mean increase (95% CI)-week 1-9: EPO, 1.2 ( À 0.1 to 2.5); saline, À 0.9 ( À 1.8 to 0.6); P ¼ 0.003; partial Z 2 ¼ 0.25; weeks 1-14: EPO, 1.2 ( À 0.1 to 2.5); saline, À 1.1 ( À 2.0 to 0.2); P ¼ 0.004; partial Z 2 ¼ 0.16) and by calculating the percent improvement based on individual baseline level (see Figure 2b ).
Group-Independent Changes in Outcomes Over Time
Repeated-measures ANCOVA revealed no placebo response or general improvements in psychosocial function or QOL over time in our patient cohort (P-values 40.35). Patients showed no general improvement of RAVLT total recall or recognition (P-values 40.17), but there was a learning effect on recall following interference and delayed recall (weeks 1-9: P-values o0.01; weeks 1-14: P-values o0.02).
Safety Outcomes
No serious adverse events were identified throughout the trial. Weekly blood pressure measurements demonstrated no systolic or diastolic blood pressure change over time (P-values 40.58). Hematological measures are presented in the Supplementary Material. As expected, hemoglobin, erythrocytes, and thrombocytes were increased in EPO vs saline groups (P-values o0.003). Three EPO-treated patients had to discontinue treatment after weeks 5-6 because of increased thrombocytes to over 4 Â 10 9 /l. One patient (male) reached the criteria for bloodletting (hematocrit X50% on two consecutive measurements) after 7 weeks and was bled once (520 ml). Between-group comparisons with t-tests showed that hemoglobin, erythrocytes, and thrombocytes were normalized 2 weeks after treatment completion (week 10: P-values 40.05; week 14: P-values 40.12).
DISCUSSION
This is the first exploratory study of EPO as a novel treatment for mood symptoms and memory deficits in treatment-resistant depression. Depression severity measured with the HDRS-17, the primary outcome, was not reduced by EPO. Therefore, the study must be declared formally negative. Nevertheless, we did find some indication for antidepressant efficacy of EPO. First, EPO-treated patients showed reduction in BDI ratings of depression and increased QOL compared with those given saline, and these effects persisted until at least 6 weeks after treatment completion. Further, exploratory subgroup analysis excluding eight patients, who were in marked improvement before trial start (baseline) and failed depression severity criteria at this time, revealed improvement of the primary and additional depression-relevant outcomes in EPO vs saline groups, which persisted long term. Finally, because of a Duration of the current episode was only obtained for nine patients (50%) in the EPO group and 14 patients (67%) in the saline group. b No patients made changes in their medication from weeks 1 to 9; after week 9, medication change was performed for eight patients (EPO, N ¼ 2; saline, N ¼ 6).
positive signal on the additional depression-relevant measures, we performed an exploratory analysis in the complete cohort of 'depression syndrome severity' including depression severity, psychosocial function, and QOL; this exploratory analysis also revealed long-lasting improvement in EPO vs saline groups. This is worth noting given the short EPO treatment schedule relative to patients' depression chronicity and recurrence, and should encourage larger-scale clinical studies of EPO in treatmentresistant depression. EPO produced mood-independent enhancement of verbal memory, which was maintained 6 weeks after treatment completion despite normalization of red blood cell levels. This suggests a mechanism beyond that of red blood cell regulation and is consistent with the actions of EPO on neuroplasticity and neurogenesis. We did not re-examine Abbreviations: BDI-21, Beck Depression Inventory; EPO, erythropoietin; GAF, global assessment of function; HDRS-17, 17-item Hamilton Depression Rating Scale; M, mean; SD, standard deviation; WHOQOL-BREF, World health Organization Quality of Life BREF questionnaire (total score). Note: There may be slight differences in these numbers to the 'change scores' reported in the text because of rounding up/down to round numbers.
Covariates for repeated-measures ANCOVA: age and gender. memory beyond 6 weeks after treatment completion; however, it is likely that the effects persisted longer-term given evidence for sustained cognitive effects of similar EPO treatment regimens in other patient groups for up to 6 months (Ehrenreich et al, 2007a, b) . Given the concomitant upregulation of hematocrit in the present trial, we cannot exclude the possibility that the observed effects of EPO were in part mediated by indirect hematological actions and brain oxygenation. However, several factors speak against this. Studies in other patient populations were able to dissociate between the effects of EPO on cognition and on hematological parameters (Ehrenreich et al, 2007a, b) . In keeping with this, we found no correlation between the change in hematocrit and change in HDRS-17 scores (r(37) ¼ 0.19, P ¼ 0.91), depressive syndrome severity (r(37) ¼ À 0.11, P ¼ 0.51) or verbal memory (r(37) ¼ 0.23, P ¼ 0.16) from baseline to week 9. Perhaps even more convincingly, nonhematopoietic derivatives of EPO such as carbamylated EPO have also been found to produce antidepressant-like effects and cognitive enhancement through central actions in the nervous system (for a review see Miskowiak et al, 2012) . The EPO-associated memory improvement was twice the size of our a priori estimation of a clinically relevant change (Miskowiak et al, 2010) . Comparison with norms from an age-matched healthy population with average intelligence (Strauss et al, 2006) showed that EPO improved memory from below to above the level of healthy individuals (see Figure 2b) . As memory is an aspect of cognitive function of particular importance for patients' occupational function (Mur et al, 2009) , this enduring effect of EPO could enhance patients' functional outcome. It is also tempting to speculate that EPO could be implemented to aid speed of recovery and effectiveness of cognitive behavioral therapy for treatment-resistant depression; in combination these treatments could create synergy between restoration of neuroplasticity, enhanced learning potential, and implementation of goal-directed cognitive and behavioral change.
The trial has a number of limitations. The extensive exclusion criteria may limit the ability to generalize our findings to clinical practice. However, the criteria were inevitable to ensure patient safety in this first trial of its kind, which was of principal importance. Eight patients showed unexpected symptom improvement before trial start. Although these patients were balanced between drug groups, their inclusion may have masked an effect of EPO on the primary outcome. Indeed, exploratory analyses excluding these individuals revealed clear effects of EPO on the primary study outcome. Future trials evaluating the 
Abbreviations: EPO, erythropoietin; M, mean; RAVLT, Rey Auditory Verbal Learning Test; SD, standard deviation. RAVLT data were missing for two patients (one EPO, one saline), hence analyses included: N ¼ 37 patients; an additional patient (saline) had no baseline recognition data, hence analysis: N ¼ 36 for this subtest. Composite score: sum of total learning, immediate and delayed recall, and recognition scores. Note that there may be slight differences in these numbers to the 'change scores' reported in the text because of rounding up/down to round numbers. Note: There may be slight differences in these numbers to the 'change scores' reported in the text because of rounding up/down to round numbers.
Covariates for repeated-measures ANCOVA: age, gender, and depression severity (HDRS-17 score) at week 9. antidepressant efficacy of EPO may therefore wish to use a run-in phase and include only patients with no spontaneous symptom improvement. The EPO-associated increase in red blood cell levels could confound the interpretation of the effects of EPO as neural in origin. However, converging evidence from animal and human proof-of-concept studies suggest that the ability of EPO to improve cognitive function and produce antidepressant-like effects is mediated by direct actions on neuroplasticity (Miskowiak et al, 2012) . In keeping with this, the present effects of EPO on verbal memory and depressive syndrome severity persisted for at least 1 month after red blood cell normalization. In the present trial, we did not screen for or exclude co-morbid axis II disorder as this would have resulted in a subsample of patients who were not representative for the target population of treatment-resistant patients. Nevertheless, assessment of such comorbidity should be performed in future trials with larger patient numbers to allow for explorative subgroup analyses of treatment response in patients with or without personality disorder to assess the potential influence of axis II diagnosis on treatment response. The clinical application of EPO is limited by its hematopoietic actions, which increase the risk of hypertension and blood clotting. However, with careful safety monitoring it is possible that these unwanted blood effects are outweighed by the beneficial actions of EPO in these chronically ill, low-functioning patients. A future solution may be to implement EPO analogs such as carbamylated EPO, which are engineered to have neuroprotective but not hematopoietic actions (Leist et al, 2004) . Finally, we are aware of the small groups analyzed that turned out to provide suboptimal power for detection of a clinically relevant difference between groups on the primary outcome. In particular, our original power calculations (Miskowiak et al, 2010) suggested that a sample size of N ¼ 40 would provide 86% power to detect a clinically relevant difference of three scores in the change in HDRS-17 between groups, with a standard deviation of three scores at an a-level of 5% (twosided test). However, in our completer sample of N ¼ 39, the mean difference between groups in the change in HDRS-17 scores was 1.8 with a standard deviation of 5.5. We therefore performed a post hoc power calculation based on these values, which showed that our sample provided only 67% power to detect a clinically relevant difference in HDRS-17 scores between groups. Therefore, this suggests that our study may not have been adequately powered to detect a significant effect on our primary outcome measure, although a positive signal was apparent on the additional depressionrelevant outcomes and explorative score of depressive syndrome severity. Based on the exploratory findings, further investigation of EPO to target treatment-resistant depression in a larger patient sample is thus warranted. Indeed, post hoc sample size calculation showed that for detection of a clinically relevant difference in the change in HDRS-17 scores between treatment groups such studies would need a somewhat larger sample size of N ¼ 53 to obtain adequate power of 80%. Nevertheless, this exploratory study, which is the first of its kind, is convincing when considering that patients had been treated for years without any improvement, and that a treatment period of 8 weeks is very short in such chronic, recurrent condition. In conclusion, EPO is an interesting compound for addon treatment of mood and memory dysfunction in patients with treatment-resistant depression. Based on the findings of this exploratory study, larger clinical trials of EPO as a treatment for mood symptoms and cognitive deficits in treatment-resistant depression are therefore mandatory.
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